Honey bee viability depends on the functionality of the immune system. Due to intensification in agriculture, bees can suffer from pollen or nectar dearth. Nutritional stress is supposed to weaken immunocompetence. We started this study with the goal to test this assumption. For identifying immune indicators we challenged bees by injuring them with a needle or by injecting Ringer, ABPV, lipopolysaccharide (LPS), lipoteichoic acid (LTA), Paenibacillus larvae or peptidoglycan (PG). Changes in the transcription of abaecin (Ab), apidaecin (Ap), defensin 1 (Def), hymenoptaecin (Hym), hopscotch, toll and prophenoloxidase (ProPO) were analysed by comparative real time PCRs (Evans et al. (2006), Insect Mol. Biol. 154, 645-56). Changes were most prominent for Hym (>100-fold), less distinct for Ab and Ap (between 10-and 100-fold), below 10-fold for Def and even lower for hopscotch, toll and ProPO (<6-fold). Among the elicitors LPS, LTA, P. larvae and PG had clear immunostimulatory effects. Additionally we used an inhibition zone assay (IZA, Randolt et al. (2008) , Arch. Insect Biochem. 69, 155-167). For the nutritional experiment, workers in cages were supplemented with a 50% sucrose solution (w/v) or with a 5% solution (w/v). Records of consumption showed that the bees fed 5% solution starved, as their higher uptake did not compensate the lower concentration. After LPS injection, the mRNA-change of Ab, Ap, Def and Hym was quantified. Transcriptional changes were significant between challenged and non-challenged bees, but not between the two sugar diets (N = 5, randomisation test, Pfaffl 2001). The IZA corroborated exactly the findings of the gene expression analysis (N = 3, P = 0.05, Bonferroni test). Carbohydrate restriction did not lead to immunosuppression, at least with regard to the antimicrobial peptides considered here.
14. New experimental data on efficacy of rotenone in strips and efficacy of optional pretreatment with preparative KAS-81 and sugar in powder. D. Sekulja (Polytechnic of Rijeka, 51000 Rijeka, Croatia)
In the region of Rijeka most of the 450 registered beekeepers regularly use rotenone in strips for the last seven years. To avoid the effect of the reinfestation with mites from neighboring apiaries, additional treatments were done with KAS-81 and icing sugar. In 2008 experiments, rotenone in strips was placed in the middle of the brood nest and left there for 30 days. Altogether, 111 colonies were used on two locations. In Rijeka, the initial infestation level of 2.93%, fell to 0.48% after one day, with small weekly oscillations after 30 days to 0.24%. In Pazin, the infestation level dropped from initial 1.18% to 0.24% next day, and after 30 days to 0.06%. Control colonies were treated with Checkmite , containing Coumaphos as the active ingredient. KAS-81 is an alternative Russian preparative for Varroa treatment. It is made from pine buds (Pinus sp.) and wormwood (Artemisia absinthium L.). KAS-81 experiments were conducted on 40 colonies on two different locations in Istria and Rijeka. No significant difference was detected in the development of Varroa population in colonies which received the KAS-81 treatment and test colonies which got a pure sugar syrup. Icing Sugar treatment was conducted on 40 colonies (20 on each location). Colonies were simply dusted between the combs (a tea cup of icing sugar per onestory hive). In Rijeka, the initial infestation level of 3.89% on 15th of August 2008 increased to 4.59% till 11th of September, while in Pazin on the same number of hives it dropped from an initial 1.42% to 1.18%. At both locations, a single dusting treatment with icing sugar permitted control of Varroa infestation levels prior the late summer treatment with rotenone strips.
15. Vital colonies due to brood withdrawaleffects on population development, disease infection and honey yield. R. Büchler (Landesbetrieb Landwirtschaft Hessen, Bee institute, 35274 Kirchhain, Germany) To imitate effects of natural swarming on colony development and health status in a modern bee management system, all brood combs except one were removed with just some adhering bees. The brood chamber was reduced to one box and the removed brood combs were replaced with wax foundation and/or newly drawn combs. The remaining comb with mainly young brood acted as a Varroa trap and was destroyed after the brood was sealed. The removed brood was collected in separate hives till complete emergence and afterwards the bees were used to establish additional colonies. In 2007 and 2008, 24 colonies in two institute bee yards and 30-53 colonies in 6-7 private bee yards were treated as described. In each apiary, control colonies without brood removal were treated with formic acid or Thymovar at the end of July. In September, bee samples were taken from the edge of the nest to measure the average Varroa infestation, to check for Nosema spores and to analyze for ABPV, CPBV and DWV in head extracts of 10 bees by end time PCR. The complete brood removal didn't affect the wintering size (10.3 versus 10.1 combs, P (F−value) = 0.845) nor the average honey yield (26.1 versus 25.8 kg, P (F−value) = 0.901), although there were highly significant differences between the seasons and test locations. An early brood withdrawal (20th May) resulted in a significantly lower honey yield compared to the control (Tukey, P < 0.05) while a late brood withdrawal (3rd July, 14 days before the final harvest) slightly increased the honey yield compared to the control. Varroa infestation in September was slightly but not significantly higher in the untreated test group (4.3 versus 3.6 mites/10 g bees, F-values 0.777, P = 0.379). The test colonies had lower infection rates for Nosema, ABPV and CBPV while DWV infections were less prevalent in the control group. Dramatic losses of honey bee colonies in the field following infections with Nosema ceranae have been reported from Spain. To compare the effects from N. ceranae and Nosema apis in individual bees we have used cage experiments. Different number of N. apis and N. ceranae spores have been fed individually to honeybees to study the infectious dose and the course of infection in individual bees. Furthermore, different mixtures of spores of the two parasites have been fed to study within host competition between the parasites. In addition, the effects on spore viability from storing spores refrigerated or frozen for one week were tested. Throughout all tests, cage mortality was monitored. Nosema species were verified using specific PCR. All tests were made with fresh spore suspensions except for the storage test. The results of three replicates demonstrate that N. ceranae may have a lower average infectious dose (ID50 = 85), compared to N. apis (ID50 = 389). The course of infection differs slightly between the two parasites. Mature spores are produced earlier in N. apis compared to N. ceranae, but after 12 days the same level of infection measured as spore load occur with both parasites. Within host competition between species could not be demonstrated using RT-qPCR to measure amounts of parasite DNA produced from different mixtures of spores. The storage test demonstrated little effect on spore viability from refrigeration, but the effect from freezing was dramatic. Viability of N. apis may actually be enhanced from exposure to freezing temperatures, whereas the viability of N. ceranae is significantly reduced from one week in a deep freezer. This difference in temperature sensitivity probably has epidemiological implications. No differences in cage mortality could be documented between the two parasites although no real longevity tests were conducted. Honeybees were used as vectors to spread a commercial formulation of Gliocladium catenulatum (Prestop Mix, Verdera Oy, Finland) to control grey mould (Botrytis cinerea) on commercial strawberry and raspberry farms in Finland during three seasons (2006, n = 3; 2007, n = 10; 2008, n = 3) . Three farms grew organic berries, and seven used conventional growing methods. At the conventional farms, 3-4 fungicide sprays were applied in addition to the bee-vectored biocontrol. Two strong beehives with inoculum dispensers were placed close to the berry fields, and about 5 g of the product (>10 7 cfu/g) was filled into the dispenser daily during the main flowering (about three weeks). Bees visited the strawberry flowers on the average 10 times every day during flowering. Four treatments were included: untreated control, chemical control, bee-vectored biocontrol, and chemical + biocontrol combined. Consistently, all control treatments were highly effective: bee-vectored biocontrol alone decreased disease incidence on average by 50%, chemical control by 65%, and both methods together by 80%. However, these differences between the control methods disappeared when the marketable yield was measured: biocontrol was as effective as either of the two other methods. Furthermore, biocontrol increased the storage durability of the berries more than chemical control. Bee-vectored biocontrol saved the growers time, work, equipment, environment, and money: costs of chemical control were 500-1000 ¤/ha, biocontrol alone about 300 ¤/ha. We developed an experimental design that allows us to detect the effects of acute sub-lethal doses of pesticides under field conditions. The tested chemicals included the systemic neonicotinoid Imidacloprid, used for plant protection e.g. by seed dressing and the organophosphate Coumaphos, used as an acaricide for the control of the parasitic mite Varroa destructor. To record the foraging activity, bees from a test-hive were trained to an artificial feeder filled with a 2 M sucrose solution. Trained bees were marked with RFID (radiofrequency identification) transponders for individual recognition during the experiment through reading devices at the food source and at the hive entrance. At the following day, RFID marked bees were treated with one of the pesticides and monitored over 48 h. Both substances were applied orally by feeding individual bees once with 10 μL of 33% honey solution. The dose used for Imidacloprid was 3 ng per bee, for Coumaphos doses of 5, 2 and 1 μg /bee were used. Bees treated with 3 ng/bee Imidacloprid visited the feeder less frequently (P < 0.05, Mann-Whitney U test) and needed significantly longer for a visit (P < 0.001, Mann-Whitney U test) compared to an untreated control group. The effect could be observed immediately after treatment in two observation trials over 4 h, but was no longer detectable after 24 h and 48 h. Bees treated with 5 μg of Coumaphos also visited the feeder less frequently (P < 0.001, Mann-Whitney U test) and needed longer time for a single visit (P < 0, 001, Mann-Whitney U test) compared to untreated bees. In contrast to Imidacloprid, these effects were still present 48 h after the treatment. The results show that pesticides affect foraging at a feeder, which indicates that the method is sufficiently sensitive to detect the sub-lethal effects of pesticides on the foraging behavior of honey bees. As social insects with a huge population density in their hives, honey bees are especially vulnerable to infections. Like all insects, honey bees lack an adaptive immune system, but instead possess an innate immune system, consisting of humoral and cellular components and the phenoloxidase activating system to combat pathogens and diseases. Adult workers and larvae react to septic injury with activation of their humoral immune response. Drones are present in the hive only for a short period of time and have limited duties, but their immune status is important for reproductive performance. Therefore we studied reactions of drone larvae and adults after bacterial infection, initiated by injection of 10 4 E. coli cells per drone. The established in vitro cultivation of worker larvae was adapted to drone larvae by altering the composition of the feeding solution beginning at the fifth instar developmental stage. Drone larvae were artificially infected seven days after hatching. Haemolymph of adult drones and larvae was collected 24 hours post infection (p.i.) and analysed by one and two dimensional gel electrophoresis. After bacterial challenge, drone larvae produced the antimicrobial peptides (AMPs) hymenoptaecin and defensin1 indicating the induction of humoral response. In the haemolymph of non-infected adult drones, the major proteins throughout all life stages are ApoLp-I/ApoLp-II and transferrin, while small amounts of vitellogenin and α-glucosidase II are expressed only in older drones. As observed in drone larvae, the known bee AMPs are induced after bacterial infection as well as the immune factors carboxylesterase and HP30. Prophenoloxidase, a key enzyme mediating humoral and cellular immune reactions, is present at increasing amounts in adult drones as demonstrated by immunoblots. We conclude that the immune response of drones resembles that of workers. Winter bees differ from summer bees in many ways. In particular, winter and summer bees differ markedly in longevity, due mainly to differences in the development of the fat bodies and the amounts of storage proteins and lipids. Because newly emerged summer bees counter bacterial infections with strong humoral and cellular immune responses, we were interested if this applies to winter bees, too. Therefore we injected living E. coli cells or the cell wall component lipopolysaccharide in the haemocoel of bees removed from the hive during the winter season (Nov to Feb). We analysed the haemolymph proteins 24 h post-injection (p. i.) via gel electrophoresis and subsequent mass spectrometry of interesting protein bands. The major haemolymph proteins of winter bees are provitellogenin (∼200 kDa) and transferrin. Additionally, a specific N-terminal processing product of vitellogenin (∼128 kDa) was detected whose function remains unclear. The antimicrobial peptides hymenoptaecin and defensin, which are part of the humoral immune response, are inducible in winter bees as strongly as in summer bees. Interestingly, the two immune-related factors HP30 and carboxylesterase that are expressed strongly upon septic injury in young summer bees are constitutively present at a low level in the haemolymph of non-challenged winter bees. Another striking difference between the immune reactions of summer and winter bees occurs at the level of the cellular immune response. Nodulation is a predominant cellular defence reaction in insects. A high yield of melanized nodules is observed in newly emerged summer bees, whereas no nodules are formed in any winter bees challenged with bacteria. Therefore we suspect that the defence strategies of winter bees rely in part on components other than those associated with the innate immune response. Similar to other insects, infection of honey bees (Apis mellifera) with bacteria, or mock infection with lipopolysaccharides or laminarin results in the expression of antimicrobial peptides (AMPs) and activation of phenoloxidase in their haemolymph. Besides AMPs, induction of two additional immune-related proteins in the bee haemolymph has been observed after bacterial challenge (Randolt et al. (2008) , Arch. Insect Biochem. 69, 155-167). One of these proteins with a calculated mass of about 30 kDa (HP30) shows no significant similarity with any proteins in other organisms including fully characterized genomes of 12 Drosophila species, Nasonia vitripennis, Tribolium castaneum and Bombyx mori. We generated the molecular characterization of the HP30 gene and found that the genomes of related Asian honeybees (i.e., A. florea, A. dorsata and A. cerana) encode highly similar proteins. Using antibodies produced against recombinant HP30 we have shown that: (i) HP30 is a glycoprotein with a molecular mass of 37 kDa, (ii) HP30 appears 6 hours after artificial infection in the haemolymph of newly emerged worker bees, (iii) non-infected winter bees constitutively express small amounts of HP30, whose amount is up-regulated after aseptic and septic injury, (iv) a protein induced after bacterial infection in the haemolymph of bumble bees (Bombus terrestris) is recognized by anti-HP30 antibodies. In conclusion, the immune factor HP30, although not present in other insects, seems broadly distributed at least in the subfamily Apinae. Further experiments will be performed to elucidate the phylogeny and function of this protein in bee immunity. Honey bees meet their protein need through the consumption of pollen of many different flowering plants. Possible influences on the lifespan of bees in cages and on the development of storage and immune-related proteins in the haemolymph were investigated by comparing a diet of mixed pollen with maize pollen and an artificial lysine-free diet. Freshly emerged bees were supplied with different protein diets and Api-Invert ad libitum in cages containing 50 bees. They were provided mixed pollen, maize pollen and an artificial amino acid compound (GA1 Milupa). One group was fed with a pure carbohydrate diet. The mortality was observed daily over a period of 5 weeks. Haemolymph samples were taken from bees at the age of 6 to 8 days and analysed for its protein composition by SDS-PAGE. Additionally, bees were infested with E. coli at the age of 6 days. After 24 h haemolymph samples were taken and analysed. Furthermore, artificial swarms (each 200 g of bees) in flight tents were fed with different protein diets (mixed pollen, maize pollen and artificial diet). After broodrearing the freshly emerged bees were provided the corresponding pollen diets in cages and observed for 32 days. A diet consisting only of maize pollen had no negative effects on the lifespan compared to mixed pollen. This applies to bees fed with the diets after hatching, as well as to bees which were supplied with maize or mixed pollen during larval development. However, there were considerably smaller amounts of storage proteins (vitellogenin) and immune-related proteins in the haemolymph of bees fed with pure maize pollen. Presumably this is related to the low histidine content of maize pollen, which amounts to less than 50% compared to mixed pollen. The minor quantity of this essential proteinogenic amino acid could have caused the observed differences in generating storage and immune-related proteins. The artificial lysine-free diet seems to be abhorrent to bees as the mortality is increased compared to bees supplied with a pure carbohydrate diet.
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42. Protein uptake in honeybee colonies supplemented with two protein diets simultaneously. R. Brodschneider, C. Haidmayer, U. Riessberger-Gallé, K. Crailsheim (Department of Zoology, Karl-Franzens University Graz, Universitätsplatz 2, 8010, Graz, Austria)
Honeybees need protein-rich pollen to synthesize jelly that is fed to larvae. Additional protein diets may be fed to honeybee colonies to enhance colony growth. We investigated the acceptance and consumption of two supplemental protein diets presented to the bees simultaneously. Both diets (pollen and Feedbee, a commercial pollen substitute) were applied inside two 3-frame observation hives as patties over a period of 5 consecutive days in May 2007 in a standardized form. Every day the patties were renewed and the quantity of each diet consumed in 24 hours, the number of feeding bees (every 15 minutes) and the duration of feeding acts was recorded. During the last two days of our experiments the amount of supplemental food was doubled to evaluate the effect of the quantity of food applied. On average more pollen (16.0 +/-1.1 g) than Feedbee (7.5 +/-0.7 g) was consumed in 24 hours (Mann-Whitney test, P < 0.05). We attribute this to phagostimulants in pollen. When we fed doubled amounts, more bees were feeding on the patties (P < 0.05) and the consumption was higher (pollen: 22.7 +/-4.3 g, Feedbee: 14.8 +/-1.4 g, P < 0.05). The amount of consumed protein diet correlated with the respective number of bees feeding on both patties. Single feeding events were longer on Feedbee than on pollen (P < 0.05).
Food is extensively exchanged within a honeybee colony through trophallaxis. We estimated the average amount of protein a single bee obtained in our experiments (each colony consisted of ∼6000 bees and the protein content of pollen was assumed to be 10%): 0.229 mg/bee/24 h for pollen and 0.189 mg/bee/24 h for Feedbee, respectively. This increased when the amount of applied food was doubled: 0.326 mg for pollen and 0.375 mg for Feedbee, respectively. Our results show that the consumption of protein diets depends on the amount of food applied and suggests that beekeepers may increase the surface area of fed diets to increase the protein uptake in times of protein need.
43. Contact-free age determination of honeybee larvae (Apis mellifera). J. Vollmann, R. Thenius, T. Schmickl, K. Crailsheim (Department of Zoology, Karl-Franzens-University-Graz, Universitätsplatz 2, 8010 Graz, Austria)
All known methods of age determination of honeybee larvae (e.g. determination of egg laying time and time of eclosion or morphological investigations) are subject to a lot of effort and reiterated disturbances of colonies. We developed a novel, easy to handle contact-free method for age determination of larvae based on standard photographical and morphometric methods. For our investigations high resolution images of brood combs were taken. On these images the coordinates of 17 easy definable points at the inner contour of bent larvae were collected. The distances between these morphometrical reference points were calculated and analysed using standard statistical techniques. A significant increase of the length of the inner contour could be found until the age of 96 ± 2 h. Larvae older than 96 ± 2 h showed no significant increase. From an age of 108 ± 2 h a significant decrease of the length could be found (Mann-Whitney U-test; P < 0.05). The distances of the opposite corresponding coordinates (except the innermost 2 coordinates) decreased with increasing age. The distance of the two innermost coordinates significantly increased till the age of 72±2 h. A non significant increase until the age of 84±2 h is followed by a significant decrease until the age of 96 ± 2 h. Using the collected data, a calibration curve can be created and age determination of larvae is possible without physically interfering with the larvae. The morphometrical analysis of images of larvae is highly adequate for contact-free age determination. For age determination of small larvae, the distances between the coordinates close to the caput and the anus are most appropriate, whereas for bigger larvae the distances between the coordinates close to the center of larvae are most accurate. The age of larvae in the period before capping is best determined by a combination of length of the inner contour and the distances between all opposite coordinates.
Cooperative thermotaxis in honey bees:
How robust are group decisions? S. Hahshold, G. Radspieler, R. Thenius, T. Schmickl, K. Crailsheim (Department of Zoology, 8010 Graz, Austria) Young honey bees (<24 h) show thermotaxis. They prefer temperatures near 36
• C. In our experiments we tested the ability of honeybees to find their temperature optimum in a circular arena. We investigated bees with different thermotactic abilities. We amputated their antennae to be sure that all thermosensors were eliminated. • C) after 30 minutes. The target zone represented 25% of the area of the arena. Our results show that 70% of the AA and the AA − found the target area, but only 30% of the A − A − (Chi 2 -test: P < 0.001). Groups of AA-bees have a higher success rate to find the target area, than AA − -groups. AA − -groups have a higher success rate than A − A − (Mann-Whitney Utest P < 0.05). In presence of A − A − the AA bees are reaching the target area. There was no significant difference between AA-groups and mixed groups (Kruskal-Wallis: n.s.). This is an important adaptation because young honeybees should stay in the brood area to take over the cell cleaning task and to build cluster to isolate the brood against cooling. They should not let themselves be disturbed by bees engaged in other jobs within the brood area, like pollen storers or nurse bees.
Cooperative thermotaxis in honeybees:
Group decisions in a complex temperature gradient. M. Szopek, G. Radspieler, R. Thenius, T. Schmickl, K. Crailsheim (Department of Zoology, 8010 Graz, Austria) Young honeybees show thermotaxis and locate their temperature preferendum (approx. 36
• C) in a temperature organ. In a two-dimensional temperature gradient only a minority of single bees stops at the optimum whereas groups of bees, exposed to the same gradient, can aggregate collectively at the optimum. In this work we investigated this cooperative thermotactic behaviour of groups of young honeybees (2-30 h). We tested their ability to distinguish between a local and a global optimum and the influence of different group sizes. We used a circular temperature arena where we generated a complex two-dimensional gradient by using two heat lamps. The basic temperature was 30
• C, the local optimum was 32
• C and the global optimum 36 • C. We tested groups of 6, 24, 64 and 128 bees (N = 8/group size). For validation purposes we tested single bees under the same conditions (N = 10). We defined a target zone for each optimum and counted the bees in the target zones and outsides those zones in the 30th minute. We found that the median fraction of bees in the 36
• C target is significantly higher than in the 32
• C target within each group size (Kruskal-Wallis P < 0.01). There was no significant difference between the median fraction of the different group sizes in the 36
• C zone (Kruskal-Wallis P > 0.05). The median fraction of bees in the 32
• C zone increases with increasing group size (Kendall's tau 0.3995; P = 0.0068). Groups of young honeybees are able to discriminate the local optimum and aggregate successfully in the global optimum, independent of the group size. Higher median fractions at higher group sizes at 32
• C could be a result of overcrowding of the 36
• C zone and the consequential switching of some bees to the 32
• C zone. In overcrowded brood nests this behaviour could ensure that young bees move to the cooler edge or other brood nest areas. Brodschneider, D. Steiner, A. Moder, J. Vollmann, U. Riessberger-Gallé, K. Crailsheim (Department of Zoology, Karl-Franzens University Graz, Universitätsplatz 2, 8010, Graz, Austria)
Synthetic larval diet produces lighter and smaller honeybees (Apis mellifera). R.
During its 5-day larval development, a honeybee larva is inspected continuously and fed numerous times by its adult sisters with proteinaceous broodfood. During the pupal stage, in which its body undergoes massive changes from the wormlike larva to the adult honeybee, no food is consumed. Protocols have been developed to rear honeybee larvae in the laboratory in vitro for standardized toxicity testing and experiments with brood diseases. In these procedures, the brood-food produced by specialized nurse-bees is replaced by a partly artificial diet which is fed to the larvae only 5 times during their larval development (Aupinel et al. (2005) , Bull. Insectol. 58, 107-111). In our experiments we measured body weight and various body size parameters of adult honeybees (younger than two days) exclusively fed artificial diet as larvae and compared them to their sister honeybees that were reared in a colony. In total 49 artificially reared bees derived from two different colonies were compared to 96 naturally reared bees from the same colonies. Width, length and area of fore-and hind wings, the number of hamuli on the hind wing, and the length of the femur and tibia of the hind leg were measured. Fresh and dry weight of head, thorax and abdomen were weighed to the nearest 0.01 mg. Our results show that the artificial diet used in invitro rearing produces healthy honeybees, but all measured body size parameters of artificially reared 664 Abstracts / Association of Institutes of Bee Research Seminar honeybees were slightly smaller (Mann-Whitney test, P < 0.05) than in their sisters reared in the colony. Artificially reared honeybees also had lower dry weight of head and thorax (Mann-Whitney test, P < 0.05). Since both groups of bees emerged in an incubator, all observed differences must be due to larval nutrition. To obtain more insight into the quality of honeybees produced with artificial larval food, further parameters of viability other than body weight and size have to be investigated. Queens are usually taken out of mating hives and kept in transport cages until they are used by beekeeper. The aim of this work was to find out if the period the queen is caged affects their acceptance and/or supersedure rate in their host colonies. In a pilot test at Lunz am See (Austria) 26 queens and Rijeka (Croatia) 30 queens were kept in transport cages from the middle of August over the winter, with replacement of bees and food usually after 10-14 days, depending on conditions in the cages. From March on these queens were successfully used in queenless colonies. All colonies used in experiments in 2007 and 2008, were more or less uniform at the moment of queen introduction: 10 frames covered by bees, 4-5 combs of brood and 4-5 frames of honey. In 2007, a total number of 177 queens was split in 6 groups with 1, 7, 15, 21, 30 and 35 days of life in transport cages. There was no significant difference in the acceptance rate of the queens or in the supersedure rate in the spring, regardless of the duration of the caging of queens prior the introduction to the colony. Throughout the season, colonies exhibited similar brood development and similar honey collection, regardless of the group of queens used. In 2008, a total number of 178 queens was split in two groups, 1 day freshly collected queens and queens left in cages over 30 days before their introduction to the colonies. Again, there was no significant difference in acceptance rate of the queens regardless of the duration of the cage life of queens prior to the introduction to the colony. The supersedure rate and colony development in spring 2009 was similar to in the year 2007. In all experiments, there was no difference in the activity of the queens regardless of the group that was used. Hedtke, S. Gisder, E. Genersch (Institute for Bee Research, Friedrich-Engels-Str. 32, 16540 Hohen Neuendorf, Germany) The microsporidia are a group of obligate intracellular parasites derived from fungi, infecting at least 1200 species of animals from every major evolutionary lineage, and with a large proportion of them infecting insects. Two species of microsporidia have been detected in honeybees, Nosema apis (N. apis) and Nosema ceranae (N. ceranae), both causing dysentery (nosemosis) in highly infected animals. N. apis and N. ceranae were described as specific parasites for the European honeybee, Apis mellifera (A. mellifera), and the Asian honeybee, Apis ceranae, respectively. Quite recently, N. ceranae has also been detected infecting A. mellifera both in Asia and in Europe. Further studies suggested a host jump of N. ceranae from the Asian to the European honeybee around a decade ago. It was proposed that since then N. ceranae may have been displacing N. apis in the A. mellifera population in certain regions of Europe. Moreover, studies from Spain suggested an association between N. ceranae infection and unusually severe honeybee colony losses. To assess the epidemiological situation in Germany, we collected 1980 honeybee samples from 220 colonies in spring and autumn between 2004 and 2008. We microscopically analyzed all samples for the presence of N. sp. and used a highly specific molecular technique to differentiate between N. apis and N. ceranae. Our results show that in Germany N. ceranae is widely distributed but did not replace N. apis completely. No correlation between N. ceranae and colony losses could be demonstrated so far. Trophallaxis events and their distribution within the nest influence the horizontal transmission of pathogens in a bee colony. We investigated whether infection of bees with Nosema ceranae results in differences in trophallaxis frequency and spatial distribution compared to uninfected bees. For this purpose, young bees were marked in a group-specific manner, fed with different Nosemaspore-solutions (type A 1 000 000; B 160 000; C 0 spores/bee), introduced into test colonies, and observed in two day intervals. In trial A (50 bees/type A and B), the life-span and the trophallaxis events (feeding contacts in 2 minutes/bee) were recorded. In trial B (150 bees/type A, B, C), the positions of the test bees in the colony were identified by evaluation of photographs (trial B1+2).The lifespan of infested bees (20.6 days +/-4.7 days) was significantly shorter than the lifespan of the control group (26.2 days +/-6.7 days; Wilcoxon, P < 0.001). In general, the trophallaxis events increased with the age of the bees. Although there were no significant differences between the infested and the control groups (Mann-Whitney-UTest P > 0.285), there was a tendency for older infested bees to reduce participation in trophallaxis events. Regarding the distribution of the bees within the colony (trial B), the brood nest area was the preferred area of congregation, irrespective of an infection. In general, the distribution in the colony did not differ significantly between the test groups (Wilcoxon P = 1.0). The tendency of older infested bees to participate less in trophallaxis might indicate their exclusion from social-feeding only after massive multiplication of the pathogen. The survey on the distribution of infested bees does not suggest a separation of diseased bees from healthy bees within the colony.
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55. Establishment of a method for manipulation of Paenibacillus larvae. L. Poppinga, E. Genersch (Institute for Bee Research, FriedrichEngels-Str. 32, 16540 Hohen Neuendorf, Germany) Genetic analysis of Paenibacillus larvae, the causative agent of American foulbrood (AFB), identified four different genotypes (ERIC I-IV), which clearly differ in terms of their virulence. Using Suppression Subtractive Hybridization (SSH), several potential virulence factors were detected in the genome of ERIC I. In order to understand their role in pathogenesis, the generation of knock-out mutations in the corresponding genes has been established to further compare the co-mutants with the corresponding wildtypes in various assays. By means of the integration vector pCP115, the corresponding genes in the P. larvae genome can be disrupted. Therefore, insertion of a gene fragment into the vector pCP115 was carried out. Selection and reproduction of the manipulated integration vector in E. coli was followed by transformation of P. larvae by electroporation. By transforming P. larvae, the plasmid integrates into the chromosomal locus in a single, homology-driven recombination event. Integration splits the targeted gene into two incomplete parts, interrupted by the inserted plasmid sequence. As the application of integration vectors into P. larvae is a novel method, different recombinant vectors were constructed in order to increase the chances of a successful knock-out mutation. Gel electrophoresis of restriction-and PCRanalyses yielded clear bands of correct size. In addition, DNA sequencing and growth curve analysis of the E. coli clones showed the cloning strategy to be successful. Due to the loss of tetracyclin resistance resulting from the insertion of the fragment in the vector, E. coli-clones exhibiting recombinant plasmid showed no growth in media containing tetracycline. Currently, the transformation of P. larvae by electroporation with the constructed vectors is being optimized. The four common different genotypes ERIC I -ERIC IV of Paenibacillus larvae (P. larvae), the causative agent of American Foulbrood (AFB), differ from each other in features like virulence, metabolism, and also in the morphology of their colonies and spores. In order to identify the underlying molecular factors of these phenotypical characteristics, the PCR based method of Suppression Subtractive Hybridization (SSH) was applied. This method enables the isolation and identification of genetically variable sequences. The obtained sequences were compared to the EMBL/GenBank database using the BLASTx algorithm. Thereby we obtained evidence for the homology of the SSH sequences to other proteins. Based on this information, the SSH sequences were classified in the Cluster of Orthologous Groups of proteins (COG). The main groups of COG are: information storage and processing, cellular processes and signalling, metabolism, and poorly characterized proteins. The classification comprised every COG main group. Several sequences showed homologies to proteins of the metabolism. These results correlated with the outcome of the recent biochemical characterisation of different genotypes of P. larvae. Furthermore, SSH sequences were detected which showed homology to different toxins, as well as nonribosomal peptide synthases (NRPS) and polyketide synthases (PKS). These proteins constitute putative virulence factors of P. larvae. However, most of the SSH sequences were assigned to the COG main group of the poorly characterized proteins. These results domonstarte how little P. larvae and comparable organisms have been characterised. Deformed wing virus (DWV) is a viral pathogen of the European honeybee (Apis mellifera). As is typical for honeybee viruses, DWV normally causes covert infections. However, when transmitted by the ectoparasitic mite Varroa destructor (V. destructor) to pupae DWV is able to cause overt infections characterized by adult bees emerging with malformed appendages, shortened abdomen and discolorations. Recent studies demonstrated that overt infections are also characterized by viral RNA detection in total RNA isolated from bees' heads and that DWV infection can lead to learning deficiencies. Taken together this indicates the possibility that DWV is able to infect the brain and the nervous system. To analyze the interaction between DWV and its target cells we established an in vitrocell culture model for DWV using primary neuronal cells of honeybees isolated from mushroom bodies. We showed that these neuronal cells were indeed permissive for DWV. Successful infection of non-infected cells with purified viral particles was verified by RT-PCR-analysis, in situ-hybridisation, and Western blot analysis. This in vitro-model will now be used to investigate host cell-pathogen interactions in more detail. Oxalic acid is the most important organic acid used for the control of Varroa destructor. The trickling method combines high efficacy against V. destructor with good bee tolerability. So far, no toxicology data on individual bees in the laboratory have been available to establish a doseresponse-relationship for oxalic acid. Additionally, its mode of action in mite control is still unclear. In laboratory trials, oxalic acid dehydrate (OA) solution dissolved in sugar-syrup (50%) was applied to bees in different dosages using two application forms: trickling on the abdomen (175, 250 or 345 μg OA/bee) or individual feeding (10, 50, 75 or 100 μg OA/bee). Every dosage was tested on n = 60 bees (3 × 10 bees per cage, one replicate). The control groups were treated with sugar-syrup (50%) and kept under the same laboratory conditions (22
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• C and 62% relative humidity). The bee mortality was determined in intervals of 24 hours for a three day period. The statistical analysis was conducted using the Mann-Whitney U-Test (P 0.05) on the total bee mortality after 72 hours. After topical application of OA the toxicity increased slowly during the intervals of the observation time.
After 72 hrs the dosage of 175 μg/bee, corresponding to the 3.5% solution used in beekeeping practice, did not cause mortality different from controls. Application of 250 μg led to increased mortality. After application of 345 μg OA the bee mortality was significantly higher (MWU, P 0.05). Bees reacted much more to the oral application of OA and the maximal toxicity was reached 48 hrs after treatment. After 72 hrs, 10 and 50 μg did not cause mortality different from the control group, while 75 μg caused significantly higher bee mortality (MWU, P 0.05). 100 μg killed 55% of the treated honeybees. When bee colonies in the field are treated with OA we can assume that bees do not ingest OA in large amounts as the tolerability under beekeeping conditions is well proven. With high probability, OA acts as a contact poison and not systemically against the mite V. destructor.
62.
Comparison of 60% and 85% formic acid treatments against Varroa destructor. S. Berg, F. Schürzinger (LWG, Fachzentrum Bienen, 97209 Veitshöchheim, Germany) We compared the efficacy and compatibility of 60% and 85% formic acid treatment, both individually and in combination as summer treatments for the control of V. destructor. A total number of 57 colonies, divided in three groups (1-3), was treated after the last honey harvest in 2008. Group 1 (n = 20) was treated three times with 60% formic acid on foam tissue in 3 days intervals (2 mL per comb from above). Group 2 (n = 17) was accordingly treated with 85% formic acid. In group 3 (n = 20), 85% formic acid was applied with the Liebig-Dispenser (liquid dispenser with paper wick, two treatments with 100 mL and 200 mL, feeding of colonies in between). In December, oxalic acid (trickling method) was used to determine the efficacy of the treatments. In terms of mite mortality the treatment in group 1 was significantly (Kruskal-Wallis, P = 0.003) less effective (86.1% ± 7.8%) than the treatments in group 2 (91.5% ± 4.0%) and group 3 (92.3% ± 2.9%). Those of group 2 and 3 did not differ significantly. Both 85% formic acid treatments were independent of the number of V. destructor (ranging from 290 to 1700 per colony) while the efficacy of 60% formic acid was reduced with higher V. destructor loads (ANOVA, P = 0.002). During the experiment the temperature raised up to 30
• C, resulting in brood mortality of about 20% in the upper brood chamber only in group 2 and 3. In group 2, one queen loss and in group 3 two queen losses were recorded at the end of the treatments. The treatments with 85% formic acid confirmed in general a higher and consistent efficacy compared to the treatment with 60% formic acid. The brood mortality and queen losses due to high temperature during treatments with the 85% formic acid might be reducible by placing the brood combs in the brood chamber beneath. Our experiments reveal 85% formic acid as an appropriate treatment against Varroosis. Previous research on antagonistic fungi as a promising approach for controlling Varroa destructor produced contradictory results. We, therefore, evaluated four strains belonging to entomopathogenic fungi species which are supposed to be highly effective against this honeybee parasite. Strains of Paecilomyces fumosoroseus, Beauveria bassiana, Metarhizium anisopliae and Verticillium lecanii were cultivated on malt-extract-agar. Application dose was 1 × 10 6 conidia per larva and bee, respectively. Larvae were maintained according to Peng (1995) except the addition of yeast extract. Adult bees were kept in standard boxes with 50 bees and 25 mites each. Larval or bee mortality, mite mortality and growth of fungi from fallen mites were recorded every day. In the Beauveria bassiana group and in the Verticillium lecanii group, bee mortality was significantly increased (compared to the control) at days four and six (P < 0.05, t-test, two-sided), and at days four and seven (P < 0.05), respectively. However, neither in the larval nor in the adult honeybee assay was a significant mitespecific impact observed. Increased growth of fungi from mite carcasses could only be observed at day seven in Beauveria bassiana group (P < 0.05, Fishers exact test, two-sided). We conclude that the weak effect of the investigated fungi is caused by mycotoxins ingested together with the conidia. However, we could not confirm a lethal growth of fungi in mites. Therefore, the analyzed fungi do not provide a basis for the control of Varroa destructor. Natural selection and experiments with honey bee populations untreated for Varroa have been reported to eventually result in honey bee colonies surviving or showing higher tolerance. We here propose an approach mimicking natural "live or die" selection compatible with current beekeeping by avoiding massive colony losses. Colonies are treated only if their infestation exceeds a critical threshold, which exerts selection pressure against V. destructor mites with high population increase. Then highly infested colonies are requeened, inducing a "genetical death" of the susceptible colony but preserving the worker bees. We explored the practicability of the method on Marmara Island, Turkey, in July 2008. Honeybee infestation was determined in 217 colonies owned by 5 beekeepers. 50 g bee samples were washed in detergent water (0 to 18 mites/100 bees, median = 0.43). 39 colonies with no mites in the samples were left untreated, all other colonies were treated (Bayvarol c strips). Dead mites on bottom inserts after treatment (0 to 1098 mites, median 39) were highly correlated with bee infestation (r = 0.82, P < 0.0005). In 34 highly infested colonies (infestation > 1.3) queens were caged and removed after 6 days, and colonies received brood combs from untreated, low-infested colonies to produce a new queen from these. 23 out of 26 requeened colonies had produced a new queen in September. We conclude that a differential treatment of high-infested colonies combined with requeening can be realistically performed even under comparatively undeveloped bee keeping conditions. Though measurable changes in average colony infestation may develop only over years, such a lowlevel broad-scale selection, integrated into common beekeeping practice, could become an important component in efforts to increase bee tolerance to Varroosis.
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